Abstract Introduction The proportion of workers reporting disabilities varies tremendously across occupations. Although differences in the occupational distributions may partly explain the large disparities in earnings and job security between workers with and without disabilities, little is known about the reasons that workers with disabilities are underrepresented in certain occupations and overrepresented in others. Methods Using a large, national survey of the US population combined with official data on the skill and experience requirements and occupational risks of 269 occupations, a multilevel regression analysis was performed to identify occupational and individual factors that influence the representation of workers with disabilities across occupations. Models of overall, sensory, mobility, and cognitive disability were constructed for working-age labor force participants, as were models of overall disability for younger, in-between, and older workers. Results At the occupational level, reported disability is negatively associated with occupational requirements for information and communication skills and with the amount of prior work experience that is required, after controlling for individual factors such as age and educational attainment. Little relationship is found between disability status and a set of occupational risk factors. These findings generally hold true across disability types and age groups. Conclusions Even after taking into account their lower average educational attainment, workers with disabilities appear to be disproportionately relegated to entry-level occupations that do not emphasize the betterremunerated job skills. Underemployment results in lower wages and less job security and stability. Possible reasons include employer discrimination, low expectations, deficits in relevant skills or experience, and work disincentives.
Introduction
US adults with disabilities are employed at much lower levels, and on average earn substantially less when they do work, than their counterparts without disabilities [1, 2] . Workers with disabilities also have jobs that are much less stable, with twice the rate of job loss as other workers, far more periods of unemployment [3] , double the rate of short-term or contractual employment [4, 5] , and lower perceived job security [6] . These issues are interrelated, because the difficulty of finding steady work paying a decent wage undoubtedly deters people with disabilities from entering the labor force; job insecurity or low pay may also lead those acquiring disabilities to apply for cash benefits rather than seeking needed accommodations and remaining employed.
Differences in the occupations held by labor force participants with and without disabilities may be partly responsible for the poorer labor force experiences of the former group. Workers with disabilities are much less likely than their non-disabled counterparts to be employed in professional and managerial occupations (24.6 vs. 34.7%), the highest-paid major occupational categories, and correspondingly more likely to have jobs in the two lowest-paid categories: service occupations (21.4 vs. 16 .1%) and production, transportation, and material moving occupations (17.0 vs. 12.7%) [2, 7] . In more general terms, workers with disabilities are less likely to be supervisors, less likely to participate in decision making, and more likely to be closely supervised than those without disabilities [6] . As a consequence of these occupational differences, statistical models of earnings levels of workers with and without disabilities often use broad occupational classifications as explanatory variables to partly account for wage gaps (for a recent review, see [8] ).
The question of why people with disabilities tend to hold lower-status and less-remunerated occupation has not been systematically explored. Three hypotheses came to mind as this research project was being formulated:
1. Workers with disabilities are overrepresented in lowerstatus occupations due to lower levels of so-called human capital, such as educational attainment and work experience. 2. Workers with disabilities are underrepresented in occupations requiring performance of physical or mental tasks they have difficulty performing in connection with their disabilities, and correspondingly overrepresented in other occupations not requiring such abilities. 3. Workers with disabilities are underrepresented in higher-status and higher-paid occupations due to discrimination or personal factors unrelated to qualifications or abilities.
This article explores the variation in the presence of workers with disabilities across occupations, using a multilevel statistical analysis of the demographic and disability characteristics of US labor force participants combined with the requirements and attributes of a wide range of occupations.
Data Sources and Methods

Characteristics of Individual Labor Force Participants
Demographic, disability, and occupational characteristics of 1.4 million US civilian labor force participants between the ages of 18 and 69 were obtained from the public use dataset of the 2006 American Community Survey (ACS), an annual, nationally representative survey conducted by the US Census Bureau [9] . The ACS provides a detailed classification of 469 civilian occupations, which were collapsed for this analysis into 269 categories with a minimum of approximately 1,000 respondents in each.
Also obtained from the ACS records were data on age, gender, race, Hispanic ethnicity, educational attainment, and disability status. Disability status is determined using a series of six questions covering sensory, mobility, and cognitive impairments, self-care limitations, difficulty leaving the home alone, and work disability; this analysis uses a summary classification for people endorsing any of the six items, plus separate models of the sensory, mobility, and cognitive disability items. For the present analysis, the ACS racial categories of ''Asian'' and ''Native Hawaiian and other Pacific Islander'' were combined to form a single Asian/Pacific Islander category; the other categories are African American, American Indian/Alaska Native, and white (treated as an omitted category in the models), with respondents checking more than one category classified in multiple groups. The educational attainment variable is collapsed into six categories: no high school, some high school but no diploma, high school diploma, some college but no bachelor's degree, college graduate (bachelor's), and advanced degree (master's or above).
Characteristics of Occupations
Occupational characteristics were obtained from the Occupational Information Network (O*NET) database, developed under the direction of the US Department of Labor, which contains detailed information on 812 occupations collected from panels of jobholders and occupational experts. For the present analysis, the occupational classification was collapsed by first combining categories, via simple averaging, to match the ACS classification and then further combining the resulting categories, using weighted averages based on labor force size estimates from the ACS, to match the 269 occupations used in the analysis.
Five occupational proficiency scales were derived from panel ratings of the level of performance required in 41 activities, obtained from the O*NET Generalized Work Activities domain. Ratings, averaged over the panelists, range from 0, for activities deemed ''not important'' to the occupation, to 7, for those requiring maximum proficiency. The scales were obtained as follows: Following a factor analysis, the five factors with greatest eigenvalues were retained and rotated (oblique Promax rotation) to increase interpretability. Items with loadings [0.6 on any factor were then assigned to the corresponding scale, and the scale score was obtained by taking an unweighted average of the ratings of the items assigned to it. The resulting scales are (1) using and evaluating information (Cronbach's a = 0.96), (2) supervising people (0.96), (3) communicating outside the organization (0.80), (4) handling objects and equipment (0.94), and (5) serving and caring for others (0.73 with only two items). Appendix Table 7 shows the factor loadings for the occupational activity items; numbers in bold indicate that the item was assigned to the indicated scale.
A measure of required work experience prior to hiring is derived from the O*NET Experience and Training area, using the median of the panel's experience responses, collapsed into five levels: no experience required, up to 3 months, 4 months to 1 year, 13 months to 4 years, and [4 years of related prior work experience. Three dichotomous measures of occupational risk factors are derived from the O*NET Organizational Context area, all based on ratings by a majority of the panel: (1) workplace hazards are present if there is at least daily exposure to either hazardous conditions or hazardous equipment; (2) musculoskeletal strains are a risk for occupations involving kneeling, crouching, stooping, or crawling more than half the time, twisting or bending the body more than half the time, or making repetitive motions continuously or almost continuously; (3) high stress levels are an issue if the occupation involves daily conflict situations or daily interactions with angry or unpleasant people, or if the consequences of error are very or extremely serious or the work is highly or extremely competitive.
Multilevel Modeling
In order to simultaneously include both individual and occupational characteristics in the statistical models, the analysis uses a hierarchical modeling approach, with the individual as the lower-level unit of analysis (i.e., one record per labor force participant) and the occupation as the upper-level unit of analysis. Multilevel, random-intercept logistic regression models were estimated in version 6 of the HLM (Hierarchical Linear and Nonlinear Modeling) software package [10] , using a penalized quasi-likelihood estimation procedure. The dependent variables in the models are dichotomous indicators of disability status: any type of disability, sensory impairment, mobility impairment and cognitive impairment. Survey sampling weights were used in all models. Results from HLM were compared with those obtained using the xtlogit procedure in Version 10 of the Stata statistical package [11] , which uses adaptive quadrature to perform maximum likelihood estimation but does not use sampling weights, and the two methods were found to be consistent.
Because the aim is to explain the variation in disability rates across occupations, it seems appropriate to evaluate the quality of the models based on their ability to do so. A predicted disability rate for each occupation (with random effects in the model set to zero at both levels) can be obtained by using the model coefficients to predict the probability of disability for each survey respondent with a given occupation, and then computing the weighted average of those probabilities for the occupation. The predicted occupational disability rates can then be compared to the actual disability rates, and the variance of the occupation-level residuals can be compared to the variance of the actual disability rates. Thus, a measure of explained aggregate variance is obtained, and it is reported in the tables as a goodness-of-fit measure.
Results
As shown in Table 1 , there is tremendous variation across occupations in the representation of workers with disabilities. The rate of overall disability varies more than tenfold across occupations, from 1.8% (among advertising, promotion, and public relations managers) to 19.7% (among dishwashers). For sensory disability, the range is from 0.5% (medical scientists) to 4.9% (dishwashers, again). Representation of people with mobility impairments varies from 0.9% (advertising, promotion, and public relations managers) to 9.6% (telephone and switchboard operators). For cognitive impairments, broadly defined, the range is from 0.06% (among dentists) to 12.4% (among dishwashers, yet again), a 200-fold variation.
The occupational proficiency scales, which have a minimum possible value of 0 and a maximum of 7, also vary considerably. For using and evaluating information, scores range from 1.4 (for maids and housekeeping cleaners) to 5.0 (several occupations including physicians, physical scientists, and mathematicians). Scores for supervising people vary from a low of 0.9 (personal and home care aides) to a high of 5.0 (education administrators). For communicating outside the organization, the range is from 0.8 (for electronic equipment assemblers) to 5.5 (securities, commodities, and financial services sales agents). The range of scores for handling objects and equipment is 0.4 (for both human resource managers and aerospace engineers) to 4.9 (for both aircraft mechanics and electric power line installers). Finally, scores for serving and caring for people range from 0.2 (aerospace engineers) to 5.5 (physicians).
While a large majority of occupations require between 4 months and 4 years of related work experience, 7.4% have no experience requirements, such as taxi drivers, door-to-door sales agents, and reservation agents. The 9.3% of occupations requiring more than 4 years' experience include chief executives, financial managers, computer scientists, and carpenters. Among the occupational risks factors, occupations defined as inducing high stress levels are nearly four times as common as those exposing workers to hazardous conditions or equipment.
Demographic characteristics of working-age labor force participants are shown in Table 2 . The mean age is just over 40, nearly half are women, nearly one-third are members of racial/ethnic minority groups, and a majority (62.0%) have more than a high school education. Some 7.1% report any type of disability, with about half of those (3.7%) reporting a mobility impairment.
The relationship between the occupational characteristics and the disability rate, median earnings, and the unemployment rate is illustrated in Table 3 . For all of the scales except handling objects and equipment, occupations requiring the greatest proficiency have substantially less representation of workers with disabilities than those requiring minimal proficiency. Occupations requiring the highest proficiency in any skill set-with the exception, once again, of handling objects and equipment-have much higher earnings levels and much lower unemployment rates than those with minimal requirements. The using and evaluating information scale has the most dramatic differences, with the lowest quintile of occupations having twice the disability rate, 40% of the earnings, and four times the unemployment rate as the highest. In contrast to all the other scales, for handling objects and equipment, the disability rate and unemployment rate in the highest quintile are higher, and the median earnings level lower, than in the lowest quintile.
The amount of required work experience also has a large effect on all three measures. The disability rate is more than twice as high for entry-level occupations than for those requiring more than 4 years' experience. Not surprisingly, people in entry-level occupations earn much less than those in high-experience occupations (38% as much) and experience three times the level of unemployment. For two of the three measures of occupational risk, the disability rate and the unemployment rate are higher, and the earnings level is lower, when the risk is present. The opposite is true for occupations with high stress levels.
Models of Overall Disability
The analysis begins with a model of any type of disability, i.e., endorsement of one or more of the six disability measures in the ACS. Results from three models are shown in Table 4 : an initial model including only occupationallevel factors, a second model to which individual factors except education have been added, and a final model with all factors included.
Among the occupational factors, two of the occupational proficiency scales are statistically significant in all three models: using and evaluating information and communicating outside the organization. Three of the four indicator variables for required work experience are significant across models, but the occupational risk factors are not significant in any of the models. The addition of the individual factors has only a modest effect on the odds ratios and significance levels for the occupational factors, with the odds ratio for using and evaluating information increasing (closer to unity) once education is included. The full multilevel model is explains 66.3% of the occupational-level variation in the disability rate, a substantially higher level than the occupation-only model (53.5%). Occupational factors, worker educational attainment, and other demographic factors all appear to have major, independent influences on the representation of workers with disabilities across occupations.
In the full model, the odds ratio of 0.87 for using and evaluating information translates to predicted disability rates, controlling for education and other factors, ranging from 4.9% (for the occupation requiring the greatest proficiency) to 7.9% (least proficiency); for communicating outside the organization, the odds ratio of 0.93 yields a range of predicted disability rates from 5.1% (greatest proficiency) to 7.2% (least). Controlling for other factors, entry-level occupations would be expected to have a disability rate of 7.8%, compared to 5.1% for those requiring the highest level of experience. Individual factors account for part, but by no means all, of the gaps in disability rates shown in Table 3 .
Among individual factors, age has a significant, non-linear effect, and Asians and Pacific Islanders are predicted to have substantially less disability than nonHispanic whites, as are Latinos. In contrast, American Indians and Alaska Natives have more than twice the odds of having a disability as non-Hispanic whites. Four of the five education indicators are significant and \1, with the values decreasing markedly as the level of education increases.
Models of Sensory, Mobility, and Cognitive Disability
Three additional models test whether the same predictors apply across different types of disability. As Table 5 shows, the occupational proficiency scale on using and evaluating information is highly significant and has an odds ratio that is \1 in all models, with an especially pronounced effect in the model of cognitive disability. The scale on communicating outside the organization is significant and \1 in the sensory and physical disability models, with a larger effect in the sensory model. The other scales are not significant in any of the models.
The indicators of required work experience show the same patterns as in the overall disability models, with odds ratios steadily declining as experience requirements increase. The effect is particularly striking in the cognitive disability model, in which the odds of having a disability in occupations requiring the most experience are half those in entry-level jobs (predicted rates are 1.2 and 2.3%). The occupational risk variables are not statistically significant, except for the high stress indicator, which reaches a modest level of statistical significance (P = 0.02, 0.04) and has a value of \1 in the sensory and cognitive models.
Among the individual factors, the effects of gender and age vary considerably across models, but the effects of race are ethnicity is mostly consistent. The odds ratios for the Asian/Pacific Islander and Latino indicators are highly significant and much less than unity in all models, and that for American Indians and Alaska Natives is [2 for all disability types. The African American indicator, in contrast, has an odds ratio substantially \1 in the sensory and cognitive models but [1 in the mobility model. The education variables show the same pattern of declining odds ratios with increasing attainment; the effect is especially pronounced in the cognitive model, with odds ratios for college graduate and advanced degree both \0.25.
Age-Specific Models
Older working-age adults often acquire aging-related disabilities after participating in the workforce for decades, a different experience from that of younger adults entering the workforce already having a disability. The final three models test whether the same set of occupational and individual predictors apply to younger (ages 18-29) and older (ages 55-69) working-age adults, as well as those in between (Table 6 ). Only the occupational proficiency factor on using and evaluating information is statistically significant in all three models, with odds ratios ranging from 0.83 to 0.92. The communication factor has an odds ratio \1 in all models, but is significant only for the inbetween and older-worker models. Odds ratios for the work experience indicators decline with greater experience requirements, with the in-between model showing a larger effect than those for younger or older workers. The occupational risk factors are not significant in any model. Once again, although the effects of age and gender are not consistent across models, those of Asian/Pacific Islander and American Indian/Alaska Native racial identify are similar. Odds ratios for the African American indicator varies from significant and \1 in the 18-29 model to insignificant in the 30-54 model to significant and [1 in the 55-69 model. The odds ratio for Latino ethnicity, while significant and \1 across models, increases from 0.50 for the youngest group to 0.84 for the oldest. As in the other models, odds ratios for the educational indicators generally decrease with increasing education for all age groups.
Discussion
An analysis of occupational and demographic data obtained by the US Census Bureau from 1.4 million labor force participants, combined with data on occupational characteristics from the O*NET database, reveals that workers with disabilities are substantially underrepresented in occupations that require proficiency in information, communication, and supervisory skills, the very qualities that afford higher earnings and better job security. Such workers are correspondingly overrepresented in entrylevel, unskilled, highly physical, and more hazardous occupations, all of which typically offer lower wages and greater risk of job loss or layoff. These descriptive findings confirm results from prior studies showing disability-related disparities in earnings [1, 2] , unemployment levels [3] , and occupational roles [2, 6, 12, 13] , but add to the understanding of these differences by systematically exploring the characteristics of occupations in which people with disabilities are more or less likely to work.
Multilevel regression models, which simultaneously assess the effects of individual and occupational characteristics on the likelihood of a labor force participant having a disability, reveal that differences in educational attainment, age, and other individual characteristics can partly explain the differences in disability rates across occupations. But, in models of overall and specific types of disability and of workers in different age groups, the nature of the occupations themselves are also highly significant, adding considerably to their ability to explain the variation in disability rates. Consistently across all models, the amount of required work experience and the extent of required proficiency in information skills both negatively predict disability. And proficiency in communication skills is also significant and negative in most of the models. The effects of these skill requirements on the representation of workers with disabilities, and the consequences in terms of earnings and job stability, are new to the literature; the strong effect of occupational experience requirements is consistent with a prior finding that workers with disabilities are promoted less often than their non-disabled peers [3] . The preponderance of workers with disabilities in unskilled, low-skilled, and entry-level occupations is somewhat at odds with studies showing that people in higher-skilled jobs who acquire disabilities are more likely to remain employed rather than leaving the labor force [14, 15] .
The most unexpected findings are those relating to the specific skills that predict the representation of workers with disabilities in an occupation. One would suppose that people with disabilities, like other workers, would gravitate toward occupations that highlight their abilities, avoiding jobs emphasizing activities they would find difficult or impossible to perform. And certainly, employers ought to be hiring workers whose abilities match the demands of the job. One might naively believe, for example, that a sedentary occupation involving information or communication skills would be better suited to a person with mobility impairment than a physically demanding occupation, or that employers would be more likely to hire such a person for a sedentary than a physical job.
Another naive expectation might be that people with certain sensory impairments, especially blindness and low vision, would also be attracted by or selected into occupations emphasizing information or communication skills, for which assistive technologies are readily available to those needing them, rather than physical skills. On the other hand, one might suppose that people with cognitive disabilities, perhaps lacking advanced information skills, would choose or be relegated to occupations that emphasize physical abilities.
For all these suppositions, however, the reality is quite different. The models suggest that, controlling for other factors, people with disabilities are greatly underrepresented in occupations requiring proficiency in handling and evaluating information and in communicating with customers or others outside the organization. In contrast, people with physical disabilities (or any other type of disability) are not significantly underrepresented in occupations requiring physical skills in handling objects and equipment, nor are people with cognitive (or any other) disabilities overrepresented. The statistical models also find no association between the presence of workers with disabilities and the need for supervisory skills, a surprise given the clear differences in supervisory duties found in a prior study [6] . Skills in serving and caring for others were also not significant.
Aside from proficiency requirements across occupations, the amount of prior, related work experience needed to obtain a job in a given occupation plays a major role in influencing the presence of workers with disabilities, with far greater representation in entry-level than higher-status occupations. The effect is especially pronounced in the cognitive disability model. Although labor force participants with disabilities have, on average, less educational attainment than those without disabilities, this finding cannot be attributed to such differences, which have been controlled for in the models.
The general lack of statistical significance of the occupational risk factors in the models is another unexpected finding. These variables were included to test the hypothesis that workplace injuries or stress levels might result in greater work-related disability and therefore be a factor in the greater prevalence of workers with disabilities in certain occupations. But these results suggest the contrary; in fact, high stress levels are associated with a lower presence of sensory or cognitive disability. This finding is consistent with prior research suggesting that the level of job strain is associated with later risk of acquiring a disability [16] . The limited extent of risk factors tested is a weakness in the analysis; additional information on occupational risks, such as that obtained using data on rates of workplace injury, could be added in a future study. Table 6 Odds ratios from the multilevel regression models of overall disability by age group The preponderance of workers with disabilities in entrylevel positions, and in occupations requiring little in the way of information or communication skills, has clear implications. As shown in Table 3 , occupations with low levels in either skill or in required work experience have especially low earnings and high rates of unemployment. An analysis of the extent to which these occupational factors account for the lower earnings of workers with disabilities compared to their non-disabled counterparts is beyond the scope of this paper, but would make for an interesting future research project.
Workers with disabilities do not appear to be employed to their fullest potential, earning less and having less job security partly because they are employed in lower-paid occupations that do not take advantage of skills that are in the highest demand. There are several possible explanations. Clearly, one possibility is discrimination [8] . Workers with disabilities might be stuck in entry-level jobs because they are not getting equitable opportunities for promotion [3] , not receiving the workplace accommodations necessary to perform more highly skilled work, or not being hired into better-paying jobs for which there is more competition. Employers might be relying on stereotypes about people with disabilities, relegating them to less prestigious, less visible jobs that do not require advanced information or communication skills. Or employers may deny them opportunities for training that would help them obtain those skills and enable them to advance their careers.
Another possibility is that there are real deficits in levels of relevant work experience between workers with and without disabilities. Labor force participants with disabilities may have work histories that are less solid than their non-disabled counterparts [13] , because of temporary absences from the workforce or periods of part-time work; or, when an acquired disability necessitates a change in occupation, prior work experience might not be related to the current job. Although educational level is controlled for in the models, there may be differences in the specific skills that have been obtained through education or through prior jobs. The absence of data on work history and skill levels is a principal limitation of this study; national datasets other than the ACS have limited work history information but a much smaller sample size and a much less detailed occupational classification.
A third possible explanation for the disproportionate presence of workers with disabilities in certain lower-paid occupations rests in the workers themselves. Perhaps they do not actively pursue better-paying, more intellectually demanding jobs because their expectations for employment are low, believing either that they are not qualified for better jobs or that no employer will hire them despite their qualifications. Young adults with learning disabilities, for example, were found in one study to aspire to lower-prestige occupations than their peers without disabilities [17] .
Alternatively, workers with disabilities may actually prefer jobs entailing fewer work hours and responsibilities and offering greater flexibility and less psychological stress that might worsen their health or functioning [5, 18] . Or they may stick with lower-paying jobs to retain public healthcare coverage or cash benefits, which would be lost if their income increased beyond the eligibility limit [19] . Whether due to lack of ambition or rational choice, many workers with disabilities might be voluntarily underemployed, settling for lower-status, lower-paid jobs rather than pursuing opportunities for advancement or training.
Workers with disabilities cannot achieve parity with their non-disabled counterparts in terms of earnings, benefits, and job security until they have equal access to and equal representation in better-paid and more highly skilled occupations. Vocational rehabilitation agencies, special education programs, and other service providers must reconsider any practice of encouraging people with disabilities to settle for jobs that do not take full advantage of their skills, abilities, and experience. Incentives to place people in any job, rather than a good job matching the person's interests and abilities, may be counterproductive. Lack of ambition in a job search, or in pursuing opportunities for advancement, may lead to a lifetime of underemployment, low pay, and job insecurity. Furthermore, inflexible income limits to eligibility for government benefit programs should be changed, lest they continue to serve as a disincentive to advancement into higher paying jobs. It is likely that discrimination plays a role in the apparent exclusion of large numbers of workers with disabilities from better-paid and more stable occupations. The dearth of representation in occupations involving contact with the public-in other words, as visible representatives of the business or organization-is particularly telling. Employers must be better educated in recognizing the talents and abilities of workers with disabilities, and of their potential, given appropriate accommodations, to perform a wide variety of job tasks [20] . They should also include disability status as a component in their efforts to increase and showcase workplace diversity, reversing what is apparently the current practice of keeping their employees with disabilities shielded from public exposure.
Finally, national disability employment policy must further expand its focus beyond getting people with disabilities into the workforce, to also include fostering quality careers that pay well and offer stability and opportunities for advancement. Such services ought to be provided not only to people entering or attempting to reenter the labor force, but also to employed people with disabilities working in entry-level, low-skill jobs. Workers with disabilities need greater opportunity to advance into higher quality occupations, increase their earnings potential, and improve their job security and social status. The promise of a brighter employment future would go a long way toward encouraging greater labor force participation among people with disabilities, substantially increasing both employment and income levels and reducing reliance on benefit programs.
By focusing on factors associated with occupational differences, and finding large discrepancies between the backgrounds and abilities of workers with disabilities and the types of jobs they hold, this study adds to the understanding of employment disparities between people with and without disabilities. A person's occupation affects not only his or her earnings potential, but also the level of job security and stability, job satisfaction, motivation to join and remain attached to the labor force, and alignment between job tasks and the person's abilities, perhaps in the face of future declines in functional abilities or health status. Future research should focus on the barriers to better and more appropriate careers for workers with disabilities, and pinpoint strategies for overcoming those barriers. 
